The synthesis of novel hydrogen-bonded [2]rotaxanes having two pyridine rings into the macrocycle and azo and hydrazodicarboxamide-based templates decorated with four cyclohexyl groups is described. The different affinity of the binding sites for the benzylic amide macrocycle and the formation of programmed nonconvalent interactions between the interlocked components have an important effect on the dynamic behavior of these compounds. Having this in mind, the chemical interconversion between the azo and hydrazo forms of the [2]-rotaxane was investigated to provide a chemically-driven interlocked system enable to switch its circumrotation rate as a function of the oxidation level of the binding site.
INTRODUCTION
Mechanically interlocked compounds are chemical entities composed by, at least two or more entwined components. [1] [2] [3] The lacking of a covalent bond between the subunits of these compounds allows relative large amplitude motions. 4, 5 During the last decades, the control of the internal dynamics of these species under different external stimuli allowed the development of smart interlocked devices for a broad range of applications. [6] [7] [8] [9] In this field, some of us reported that azodicarboxamides are able to act as templates for driving the assembly of hydrogen-bond-assembled [2] rotaxanes. [10] [11] [12] Moreover, these binding sites can be reversibly and efficiently interconverted with their hydrazo forms through a hydrogenation−dehydrogenation strategy of the nitrogen−nitrogen bond. This type of chemical control was efficiently employed for building stimuli-responsive molecular shuttles. 10 In a different work, it was shown that the rotation dynamics of these particular systems depend on the oxidation level of the nitrogen-based binding site. 11 Simultaneously, we also described how this pirouetting motion can be also affected by the incorporation of different substituents at the nitrogen atoms of a succinamide. 13 Herein we describe the effect of integrating dicyclohexylmethyl stoppers on a azodicarboxamide template in the preparation of a hydrogen-bond-assembled [2] rotaxane having two pyridine rings into the macrocycle and its interconversion into the corresponding hydrazo surrogate.
Result and discussion
The reaction of diphenyl hydrazodicarboxylate (1) with bis(cyclohexylmethyl)-amine in the presence of two equivalents of triethylamine provided the hydrazodicarboxamide [2H]-2 in a 51% yield. Next, the oxidation of the hydrazo compound [2H]-2 was carried out using N-bromosuccinamide in the presence of pyridine. This reaction was monitored by IR spectroscopy observing the vanishing of the band ascribed to the NH at 3397 cm -1 of hydrazo compound and the shifting of absorption frequency of CO band from 1653 cm -1 to 1699 cm -1 . After the work-up, the azodicarboxamide 2 was isolated in a 97% yield. The five-component clipping reaction between p-xylylenediamine, 3,5-pyridinedicarbonyl dichloride, the hydrazo template [2H]-2 and triethylamine provided the hydrazo [2] rotaxane [2H]-3 in only 4% yield (Scheme 2). The rotaxane formation reaction using the template 2 leads to the interlocked azo compound 3 in a more reasonable 10% yield probing the better templating capability of the azo compound for driving the construction of the tetralactam ring around the thread (Scheme 2). Taking into account our previous considerations on the spinning rate of the macrocycle of the interlocked systems, by exchanging the oxidation state of the dinitrogenated binding site of this rotaxane we could switch between two different dynamic states. Consequently, we then assayed the chemical interconversion between the two accessible oxidation states of the [2] In this way, we switched from a fast ring rotation state of a rotaxane to a slow ring rotation one, and viceversa, by simple and efficient chemical modifications.
CONCLUSIONS
In summary, we have described the assembly of two hydrogen-bonded [2] To a solution of the 1,2-hydrazodicarboxamide [2H]-2 (2.87 g, 5.71 mmol) in dichloromethane (50 mL) were added pyridine (0.6 mL, 6.85 mmol) and Nbromosuccinimide (1.12 g, 6.28 mmol). The resulting orange solution was stirred at room temperature for 1 h. Then the reaction mixture was diluted with dichloromethane (100 mL) and sequentially washed with water (100 mL), 5% aqueous solution of Na 2 S 2 O 3 (75 mL) and saturated solution of NaHCO 3 (2 x 75 mL). The organic phase was dried with anhydrous MgSO 4 , and concentrated in vacuo to afford a crude material which was purified by column chromatography on silica gel eluting with a 
General procedure for the preparation of [2]rotaxanes 3 and [2H]-3
The thread (1 mmol), 2 or [2H]-2, and Et 3 N (3.4 mL, 24 mmol) in CHCl 3 (250 mL) were stirred whilst solutions of p-xylylenediamine (1.63 g, 12 mmol) in CHCl 3 (40 mL) and 3,5-pyridinedicarbonyl dichloride (2.45 g, 12 mmol) in CHCl 3 (40 mL) were simultaneously added over a period of 3.5 h using a motor-driven syringe pump. Afterwards the resulting suspension was filtered through a Celite pad and the solvent removed under reduced pressure. The resulting solid was subjected to column chromatography (silica gel) to yield unconsumed thread, [2] rotaxane, [2] catenane and, in some cases, [3] rotaxane. 
Chemical exchange of [2]rotaxanes 3 and [2H]-3
Reduction Protocol: To a solution of the 
